was administered to prevent blood coagulation and the jugular veins and carotid arteries were cut in order to remove the blood rapidly from the viscera. The thoracic cavity was exposed under sterile conditions and a glass cannula was inserted into the aorta. Each dog was perfused through this cannula with 25 liters of 0.85 per cent NaC1 at 1 meter hydrostatic pressure. The abdominal cavity was opened and the placentas and kidneys were removed aseptically. The large marginal arteries were cut from the annular placentas and the kidneys were stripped of their capsules. The tissues were stored until needed in a cabinet refrigerated with solid carbon dioxide.
The organ antigens were prepared just prior to the immunization of the rabbits. Three and six tenths am. of placenta or kidney was mixed in a Waring blendor with 4.0 mL of 0.85 per cent NaC1, 4.0 ml. of aquaphor, 8.0 ml. of mineral oil, and 20 mg. of heat-killed Mycobacterium H37Rv according to the adjuvant technique of Freund (6) . In the early attempts to immunize with dog kidney a 20 per cent suspension of this organ in 0.85 per cent NaC1 was employed. This was made up by mixing the kidney and saline in a Waring blendor.
Immunization of Rabbits and Storage of Antiserum.--Two series of rabbits were immunized
with dog placenta. Series I consisted of 11 rabbits that received 10 to 11 intramuscular injections of placenta totalling 1.8 to 2.0 gm. by wet weight, given over a period of 14 to 16 months. There also was a 12th rabbit that died after 6 injections given during 4 months. Series II consisted of 10 rabbits that were given 7 or 8 intramuscular injections of dog placenta in adjuvant over a period of 6 to 7 months. Each animal received a total of 1.3 or 1.4 gin. of dog placenta.
Ten rabbits were injected intraperitoneally with a 20 per cent suspension of dog kidney twice weekly. The total amount of kidney injected varied between 1.5 and 7 gin. and was administered over a period of 3 weeks to 5 months. This antigen caused considerable loss of weight and diarrhea and therefore was replaced by kidney prepared according to Freund's technique. Eight of the 10 rabbits received 10 or 11 intramuscular injections of kidney in adjuvant, totalling 1.8 to 2.0 gin., over a period of 16 months. Two rabbits died after receiving 6 injections totalling 1.1 gin. of kidney over a period of 2~ months.
All 3 groups of rabbits were bled under aseptic conditions approximately once every 2 months, 30 ml. of blood being drawn from the central ear artery. At the end of the immunization period they were exsanguinated by cardiac puncture. The sera were removed from the clots by sterile technique. The blood obtained on a given date from a single rabbit was kept as a unit without the addition of preservatives, and stored in the ice box at 10°C.
Preparation of Serum Pools and Injection of Dogs.--Pools of rabbit antidog-placenta and
antidog-kidney serum were prepared by using aliquots of dated serum from each rabbit. The pools were tested for agglutinins against dog and sheep red cells. In most instances the dog cells employed were obtained from the animal that was to receive the antiserum. If the agglutination titer was greater than 1:8 the pool was absorbed twice with the appropriate cells using 1 ml. of cells per 4 ml. of serum. Each pool was inactivated for 30 minutes in a water bath at 56°C. prior to injection.
A pool of serum from 6 normal rabbits was prepared in the same manner. Nine of the 22 dogs receiving antisera were mongrels of unknown age and the remaining 13 were pure bred beagles, purchased from the Cornell University Experimental Dog Farm 1 or bred from this stock. Eight were pregnant and in 7 the date of mating was known. Base line studies were carried on for at least 2 weeks before the start of each experiment and only animals which appeared to be normal were used. The dogs were housed in the animal care quarters of the medical school during the first weeks following injection. Later they were moved to a farm which provided favorable conditions for long term observation. The diet consisted of Spratts kibbled dog meal and horsemeat, supplemented with milk and eggs.
1 We are indebted to Dr. Clive McCay for making these animals available.
Eleven dogs were injected intravenously with rabbit antidog-placenta serum, 5 with rabbit antidog-kidney serum, and 6 with normal rabbit serum, in amounts varying from 2 ml. to 4 ml. per kilo of body weight. The total volume of serum was given in divided doses over 3 consecutive days, except for 4 dogs (A39, A26, N4, N5, Tables I and II) in which the serum was given over a period of S to 7 days because of severe shock-like reactions in 3 and anemia in one. Only 0.1 ml. was administered at the first injection and the volume injected was gradually increased at half-hourly intervals during the course of the day. This procedure was followed in order to prevent shock in the dogs. Tolerance to the serum usually developed rapidly.
Physiological Observations.--Weights and temperatures were recorded daily and the animals were examined for edema, purpura, enlarged lymph nodes, and joint involvement. In addition the following tests were performed: (a) Blood pressure determinations by the anscultatory method using an infant's cuff applied to the upper foreleg while the animal was lying on its side. (b) Determination of urinary protein by the technique of Shevsky and Stafford (7) and microscopic examination of the urinary sediment. (c) Blood urea nitrogen determinations according to the method of Van Slyke and Cullen (7) . ~ (d) Total serum protein and albumin determinations by the biuret method (7). 2 (e) Cholesterol determinations according to the method of Abdl, Levy, Brodie, and Kendall (8) . ~ (f) Erythrocyte sedimentation rates (West--ergren) (7). (g) Complete blood counts. (h) Titration of circulating rabbit serum protein and antibody to rabbit serum protein by the capillary precipitin technique of Swift, Wilson, and Lancefield (9) .
Tests a and b were carried out daily, while tests c through h were done once or twice a week during the acute phase of the experiment. Thereafter the tests were performed twice a month until the animals died or were killed with nembutal anesthesia.
Biopsies of the kidney were obtained in 3 of the dogs, 1 to 5 months before death. The operations were performed by Dr. John Recht of New York University. Autopsies were performed on all the animals and the morphologic findings are reported in the accompanying paper (10) .
RESULTS

Rabbit Antidog-Placenta Serum
Five pregnant and 6 non-pregnant dogs were injected intravenously with antiplacenta serum in amounts varying from 2 to 3 ml. per kilo of body Weight (Table I ). The 11 dogs have been grouped according to the severity of the resulting disease. Four animals died of acute nephritis, 5 survived the acute disease but continued to show evidence of chronic nephritis during the 4 to 10 months they were under observation, and the remaining 2 dogs recovered completely from their initial mild symptoms of disease.
From Table I it may be seen that dogs M4, M7, A39, and M3, which died within a month following injection, had marked proteinuria, associated with casts and gross or microscopic hematuria. The casts were hyaline, granular and cellular in structure and included red blood cell casts. These abnormal urinary findings occurred immediately following injection. The blood urea nitrogen became markedly elevated, the maximal values in these animals ranging from 196 to 374 nag. per cent. The total serum cholesterol levels were increased in M4, A39, and M3 and the erythrocyte sedimentation rate was high in A39, the only one of the group in which this test was performed. Hypertension Serum albumin-globulin ratios, red and white blood cell counts, temperature readings, and weight changes are not shown in the table. Hypoalbuminemia with a reversed albumin-globulin ratio was present in A39 ( Fig. 1) but not in M3; no determinations were made on the serum of M4 or MT. No significant changes in the white blood cell counts were noted. The red blood cell counts remained at base line level in M7 and were within the normal range for pregnant dogs in the other 3 animals. Body temperature was normal; loss of weight was associated with the rise in blood urea nitrogen. Fig. 1 presents some of the data on dog A39 and shows the typical sequence of events for all the animals of this group. Dogs 37, N2, N3, N4, and A14 also developed immediate proteinuria with red blood cell and granular casts and gross or microscopic hematuria. The maximum output of these abnormal urinary constituents occurred during the first 2 to 6 weeks. Thereafter protein diminished in quantity, casts were seen sporadically, and the red blood cells decreased in numbers, but all samples of urine continued to contain some abnormal elements. Urea nitrogen retention was present within 2 weeks after the serum injections but persisted for more than 2 months only in dog 37. This latter animal had a slightly elevated blood urea nitrogen when killed 31//~ months after injection, the values during the last 3 weeks of life being 35, 26, and 22 rag. per cent. Serum cholesterol values were elevated in N2, N3, and N4 within 2 to 4 weeks after injection. Dog A14 (Fig. 2) had an elevated serum cholesterol before injection, associated with pregnancy. The erythrocyte sedimentation rate was elevated in the 4 dogs tested. Dog 37 had transitory hypertension in the 3rd week of her disease. Loss of weight, listlessness, and loss of appetite were observed in all except N4, coincidental with the rise in blood urea nitrogen.
Three of these 5 dogs, N2, N3, and N4, were studied with respect to serum protein levels. All 3 had hypoalbuminemia within I to 3 weeks of injection. The serum albumin, which averaged 3.9 gin. per cent at the start of the experiments, dropped to 1.6 gin. per cent. This abnormality persisted for 3 to 4 weeks. A drop in red blood cell counts of 1 to 2 million cells per c.mm. occurred in dogs 37, N2, N3, and N4 within 1 to 3 weeks after injection. Normal values were reached again in 3 weeks to 3 months. The pregnant dog, A14, had a low count before injection. The white blood cell counts did not vary beyond the normal range. Body temperatures also remained within normal limits. No edema, purpura, enlarged lymph nodes, or joint involvement was observed. N2 and N3 underwent a biopsy of the left kidney 1 month after injection. The postoperative course was uneventful and the renal status apparently remained unchanged.
Dog 37 delivered and raised 3 normal pups. Dog A14 went into labor at the height of its nephritis and delivered 2 dead and 3 viable pups. The latter died within a week apparently from malnutrition as the dam had very little milk. Four of the 5 dogs of this group were killed with sodium pentobarbital anesthesia 4 to 7 months after injection while the fifth animal, A14, died in canine combat 10 months after injection (Fig. 2) .
The last two dogs presented in Table I , M6 and N5, unlike the preceding animals, had only transitory abnormal urinary findings and no rise in blood urea nitrogen. The proteinuria in M6 lasted 1 month and, in N5, 5 months. These animals appeared to recover completely from their initial mild kidney damage. They were killed 11~ and 61/~ months respectively after injection.
Rabbit Antidog-Kidney Serum
Five dogs were injected with a pool of rabbit antidog-kidney serum in amounts ~'arying from 2.5 to 4 ml. per kilo of body weight. The essential findings in these dogs, presented in Table II, resemble ; wEEK t
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Fro. 2. Dog A14, a beagle 17 months old and 45 days pregnant when injected intravenously with a total of 33 ml. (3 ml. per kilo) of rabbit antidog-plaeenta serum. The acute nephritis diminished in severity but proteinuria with casts and red blood ceils in the urinary sediment persisted. The animal was killed in a fight 46 weeks after injection. in the 2 animals examined, A26 and N23. Hypertension occurred early in the course of the nephritis in 4 of the animals while in dog N23 it was found terminally.
No significant changes in red blood cell counts developed except for a drop of 1 million cells per c.mm. in N23 which persisted to death and of 1.5 million cells per c.mm. in A26 during the 1st week. The white cell counts remained within normal limits. Serum proteins were determined in N23 only and the albumin level was depressed before death.
The more important findings illustrating the progress of the nephritis in N23 are presented in Fig. 3 
7.
FIG. 4. Dog A26, a female beagle 17 months old when injected intravenously with a total of 28 ml. (3 ml. per kilo) of rabbit antidog-kidney serum. This animal developed serum sickness and coincidentaUy showed a marked increase in urinary protein and in numbers of casts and red blood cells in the urinary sediment. Sacrificed 17 days after the start of the experiment. tion rate took place during the initial rise in blood urea nitrogen. At the time of kidney biopsy it was believed that the dog's renal status was stabilized. The progressive increase in nitrogen retention after operation might be thought to bear a relationship to this surgical procedure. However, examination of the kidney biopsy (10) revealed marked structural damage to the glomeruli at the time of operation.
Evidence of serum disease developed in A26 (Fig. 4) . In this animal the third and final injection of rabbit antidog-kidney serum was delayed 6 days because of a drop in red blood cell count from 6.5 million to 4.9 million. During the first 6 days between the 2nd and 3rd injections and for the following 5 days, the maximum urinary protein was 0.4 gm. per cent. Casts and red blood cells were present irregularly, in small numbers, in the urinary sediment and the blood urea nitrogen was not elevated. Hypertension was found following the second injection. The dog developed signs of serum sickness on the 5th day after the last injection of antiserum. Three areas of purpura appeared on the abdomen, about the nipples, with edema of the distal two mammary glands.
There was pronounced stiffness of the hind legs. The dog refused to run, walked only with difficulty, and favored particularly the right knee joint. At this time the urinary output of protein increased markedly and granular and cellular casts, including red blood cell casts, and free red blood cells were found in abundance in the urinary sediment. Nine days after the last injection of serum the blood urea nitrogen was 62 mg. per cent, the animal had lost 1 kilo in weight, and was vomiting. It was killed the following day. The rise in blood urea nitrogen, vomiting, and loss of weight occurred at the usual time after injection. The unusual feature of nephritis in this animal was the sudden exacerbation of previously mild urinary abnormalities associated with the symptoms of serum disease.
Normal Rabbit Serum
Three pregnant and 3 non-pregnant female dogs were injected with normal rabbit serum in amounts of 3 or 4 ml. per kilo of body weight. There were no significant physiological or laboratory findings at any time following injection of the serum in 5 of these, M15, M14, M12, B3, and B2 (Table III) . A trace to 0.1 gin. per cent of protein was found in the urine of 2, M14 and M12, on 2 occasions. The erythrocyte sedimentation rate was elevated in 1 of 2 dogs tested, B2, but this had been observed in other pregnant animals.
The sixth dog, No. 41 (Fig. 5) , showed no proteinuria or other evidence of disease during the first 9 days following injection. However, on the 10th day the joints of both hind legs became tender, hot, and swollen. The front legs were less affected but the elbow joints were slightly swollen. The animal walked with great difficulty as if all legs were splinted. During the course of the next week the dog had other characteristic symptoms of serum sickness: edema of the face, neck, and extremities, enlarged lymph nodes, conjunctivitis, and purpuric eruptions. On the 1st day of serum sickness protein appeared in the urine and reached a maximum value of 1.3 gin. per cent on the 6th day. At the end of the 3rd week all evidence of serum disease had disappeared, but some protein and a few red blood cells were found in the urine of this dog for the remaining 16 weeks of observation.
At the time of the serum disease, the injected rabbit serum was disappearing from the circulation and antibodies to this serum were reaching high titers.
The erythrocyte sedimentation rate was elevated above the level usually observed in pregnant dogs. The red blood cell count dropped 2 million cells per c.mm., the serum proteins remained normal. Fro. 5. Dog 41, a beagle 33 months old and 18 days pregnant when injected intravenously with a total of 53.8 ml. (4.0 mh per kilo) of normal rabbit serum. Symptoms of serum sickness, including proteinuria, appeared on the 10th day of the experiment. The proteinuria was still present when the animal was sacrificed 19 weeks after injection.
DISCUSSION
The data reported here were taken from a series of experiments, the purpose of which is to study the natural history of cytotoxic nephritis in dogs and to explore means of modifying the course of the disease. Only those animals which received no treatment other than the initial injections of serum and which have already come to necropsy are included in this report.
Rabbit antidog-placenta serum injected in dogs produced an acute nephritis which was similar in its course to that following the injection of antikidney serum. The manifestations included edema, hypertension, proteinuria, cylindruria, hematuria, nitrogen retention, hypoalbuminemln~ hypercholesterolemia, increased erythrocyte sedimentation rate, and anemia. The fall in serum albumin and the rise in serum cholesterol which occurred in some dogs during the first 1 or 2 months following injection suggested a nephrotic syndrome.
The nephritis ran a variable course. In some animals the injection of antiplacenta serum resulted in a fulminating disease, fatal within 10 days, whereas in others the same amount of serum per kilogram of body weight caused only a mild disease which healed, or an acute nephritis which progressed to a chronic stage of many months' duration. The maximal period of observation reported here was 10 months. Other dogs still under observation have had proteinuria with casts and red blood cells in the urinary sediment for 3 to 4 years following injection of antiplacenta serum. A companion of these latter dogs has recently died in renal failure after 3~ years of chronic nephritis (11) .
Antiplacenta serum injected into pregnant dogs did not cause a syndrome simulating toxemia of pregnancy. Abortion, so readily produced in rats by specific antiplacenta serum (4), was not seen in the dogs.
It may be assumed that nephrotoxic nephritis is dependent upon a reaction between antigens in the kidneys of the host and the injected antibodies. An understanding of the mechanism of this cytotoxic nephritis first requires knowledge of the antigen-antibody system involved. Little is known in this regard. It is apparent from the data presented here that the disease induced by the cytotoxic sera is not "serum disease." Following the injection of antiplacenta or antikidney serum there is immediate evidence of kidney damage, whereas serum disease occurs only after a period of several days. However, it is possible that "serum disease" may enhance the severity of the nephrotoxic nephritis. This apparently occurred in dog A26, which manifested serum sickness 12 days following the first injection of rabbit antidog-kidney serum. When the animal developed painful joints, purpura, and edema the protein, casts, and red cells in the urine increased markedly.
One of the 6 dogs injected with normal rabbit serum, No. 41, developed serum sickness. Onset of the disease in this animal was associated with proteinuria which persisted until death 4~ months later. This observation also suggests that serum disease may enhance the renal damage produced by nephrotoxic serum. There is no explanation for the fact that manifest serum sickness occurred only in 2 of the 22 dogs of this series. Antibodies to rabbit serum were found at about the same interval after injection in all the 10 dogs tested. Similarly, rabbit antigens disappeared from the circulation at the same time interval. Thus it was not possible by the methods employed to relate either circulating antigen or antibody tO the onset of serum disease.
Since dog placenta has proven as effective as dog kidney in ellciting nephrotoxic antibody in the rabbit it may be assumed that these organs possess at least one common antigen. Experimental support is given to this supposition by the fact that dog kidney has been shown to absorb the nephritis-producing antibodies from antidog-placenta serum (12) . Furthermore, by the use of Ouchtedony's agar diffusion technique (13) , it has been found that rabbit antibody to either dog kidney or dog placenta, when tested against kidney and placenta antigens, produced at least one and generally two bands of precipitation which blended. This indicated that each organ had common antigens stimulating the production of common antibodies. Further studies of the antigen-antibody systems involved in the nephritis produced in dogs by cytotoxic antisera are under way utilizing the fluorescein technique of Coons (14) .
SUMMARY
The injection of rabbit antidog-placenta serum in 11 dogs resulted in an acute nephritis which was fatal within a month in 4, progressed to a chronic disease in 5, and healed in 2 animals. The nephritis produced in 5 dogs by the injection of rabbit antidog-kidney serum was comparable to that following the injection of antiplacenta serum.
The manifestations of the acute disease included edema, hypertension, proteinuria, cylindruria, hematuria, nitrogen retention, hypoalbuminemi~, hypercholesterolemia, increased erythrocyte sedimentation rate, and anemia. The non-fatal chronic nephritis was characterized by proteinuria, cylindruria, and hematuria. With the onset of renal failure elevation of the blood urea nitrogen again occurred.
Antiplacenta serum did not cause abortion when injected into pregnant dogs, nor did pregnancy modify the subsequent development of nephritis.
